We examined whether waist circumference (WC) is associated with liver fat in black and white adolescents. Liver fat was measured using a 3T proton magnetic resonance spectroscopy ( 1 H- 
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is common among obese children and adolescents (Lavine and Schwimmer 2004) and is strongly linked to insulin resistance, hypertension and dyslipidemia (Perseghin et al. 2006; Schwimmer et al. 2008; Kim et al. 2012; Wicklow et al. 2012; Brown et al. 2015) . NAFLD ranges from simple steatosis (triglyceride accumulation within hepatocytes) to more advanced form of nonalcoholic steatohepatitis (NASH), which includes inflammation and liver cell injury (Lavine and Schwimmer 2004) . A population-based liver histology study reports that the prevalence of NAFLD in the United States is substantially higher in obese adolescents (38%) compared with their normal-weight peers (5%) (Schwimmer et al. 2006) . Racial disparity also exists, such that NAFLD is more prevalent in children and adolescent of Hispanic (11.8%) and white (8.6%) descent compared with their black peers (1.5%) (Schwimmer et al. 2006 ).
Although liver biopsy remains the gold standard for evaluating NAFLD (Loomba et al. 2009 ), it is prone to selection bias due to small size of the liver biopsy specimens (Szczepaniak et al. 2005) . Further, invasiveness and complications (e.g. abdominal pain, internal bleeding and infection) associated with the procedure may limit its use in the pediatric population, particularly for repeated measurements over time. Although imaging techniques such as computed tomography and ultrasound are routinely available in clinical practices, these methods rely on nonspecific attenuation of X-ray and doppler signals and, therefore lack sensitivity and accuracy in quantifying liver fat content, in particular detecting small amounts of liver fat in the case of ultrasound (Limanond et al. 2004; Mishra and Younossi 2007 (Longo et al. 1995) . However, it is expensive and time consuming, and requires technical expertise to perform and to process the data, and thus is not routinely available in clinical settings.
Previously, we and others have shown that abdominal obesity evaluated by waist circumference (WC) is significantly associated with dysmetabolic syndrome and obesity-related comorbidities such as insulin resistance, high blood pressure (BP), unfavorable lipid profile, and atherogenic lipoprotein particle size and concentrations in children and adolescents (Janssen et al. 2005; Lee et al. 2006a; Lee et al. 2006b; Burns and Arslanian 2009 ). Further, we have shown that WC is an independent correlate of visceral adipose tissue (VAT) (r= 0.83) in youth (8-17 years) (Lee et al. 2006b ). Given the strong associations between VAT and liver fat in adolescents (Lee et al. 2012) , we examined whether WC is independently associated with increased liver fat in adolescents with obesity. To accomplish this, we employed a 3T 1 H-MRS to quantify liver fat in a large sample of 152 overweight and obese black and white adolescents.
MATERIALS AND METHODS

Participants
The study sample consisted of 94 black and 58 white overweight and obese adolescents at CHP. Participants self-identified as black or white and pubertal development was assessed according to Tanner criteria (genital development and pubic hair) (Tanner 1981) . The study was approved by the University of Pittsburgh Institutional Review Board.
Anthropometric measurement, and total and abdominal adipose tissue
Anthropometric measurements were taken by trained research staff at the PCTRC. Body weight was measured to the nearest 0.1 kg and height was measured to the nearest 0.1 cm. For WC measurement, participants were asked to expose the abdominal area and stand in an upright position with their feet side-by-side (shoulder width apart) and their arms across their chest. WC D r a f t 6 was measured immediately below the last rib at the end of expiration and the average of two measures was used in the analyses. Total body fat was assessed using lunar iDXA (GE Healthcare, Madison, WI, USA), and abdominal subcutaneous adipose tissue (ASAT) and visceral AT (VAT) were quantified at L4L5 using a magnetic resonance imaging. VAT was determined by delineating the intraabdominal cavity at the innermost aspect of the abdominal and oblique wall musculature and the anterior aspect of the vertebrae body as shown previously (Kuk et al. 2006) . We previously reported that the intra-observer variability was 3.9% for visceral adipose tissue (AT) and 2.1% for abdominal subcutaneous AT (Lee et al. 2010) .
Liver fat content by 1 H-MRS
1 H-MRS was performed with a 3.0 Tesla MR system (Siemens, Tim Trio, Erlangen, Germany) using a body matrix coil and a spine matrix (Siemens, Erlangen, Germany) using our established protocol described elsewhere (Lee et al. 2012; Lee et al. 2013) . Fatty liver was defined as liver fat [(methylene lipid peak/ methylene lipid peak + water peak) X 100] > 5.0% as shown previously (Perseghin et al. 2006) .
Liver enzymes
For liver enzymes, fasting blood samples were obtained after an overnight fast (minimum 8 hours). Samples were aliquoted and sent immediately to the laboratory for the measurements of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) on the Dimension Vista® System (Siemens Healthcare Diagnostics Inc., Newark, Delaware, USA). 
Statistical analyses
Liver fat content (%) measured by 1 H-MRS
As shown in Figure 1 , the proportion of fatty liver (defined as liver fat >5% by 1 H-MRS) was lower (P<0.01) in black (n=5 of 94, 5.3%) versus white adolescents (n=14 of 58, 24.1%).
Fatty liver was present in 16.1% of black boys (n=5 of 31) in contrast to 30.8% of white boys (n=8 of 26); none in black girls (n=0 of 63) in contrast to 18.8% in white girls (n=6 of 32).
Correlations of BMI, WC and abdominal fat to liver fat
In both black and white adolescents, BMI, WC, VAT and Abdominal SAT were associated (P<0.05) with liver fat (Table 2) . After accounting for age, gender, Tanner stage and total adiposity (%), only WC and VAT remained significant correlates of liver fat, by a similar magnitude, independent of race.
Predictors of liver fat
Stepwise multiple regression analyses were performed including liver fat as the dependent variable and age, gender, Tanner stage, BMI and WC as the independent variables ( 
DISCUSSION
We examined the associations between WC and liver fat in overweight and obese adolescents. Our findings suggest that in both black and white adolescents, WC is associated with liver fat in a similar magnitude to the associations between VAT and liver fat. Further, we observed WC is a significant predictor of liver fat, explaining 17% and 41% of the variance in black and white adolescents, respectively. These findings suggest that enlarged WC is a marker of increased liver fat in overweight/obese white and black adolescents.
A strong body of evidence suggests that enlarged WC is a predictor of cardiovascular diseases and insulin resistance in children and adolescents (Janssen et al. 2005; Lee et al. 2006a; Lee et al. 2006b; Burns and Arslanian 2009 ). According to the Bogalusa Heart Study, WC is an independent predictor of low HDL cholesterol, and high triglyceride, glucose and insulin levels and the metabolic syndrome in 2,597 black and white youth (5-18 yrs) (Janssen et al. 2005) . In that study (Janssen et al. 2005) , overweight youth (BMI 25-29.9 kg/m 2 ) with larger WC were two times more likely to have high levels of triglycerides and insulin and the metabolic syndrome compared with overweight youth with smaller WC. Similarly, we previously demonstrated that WC contributes to the prediction of visceral adiposity and insulin sensitivity measured by hyperinsulinemic-euglycemic clamp, and the individual components of the metabolic syndrome independent of BMI percentiles in black and white youth (8-17 yrs) (Lee et al. 2006a; Lee et al. 2006b ). In line with these findings, the current study demonstrated that enlarged WC is a significant risk factor for increased liver fat, particularly in obese white adolescents. Despite similar WC (blacks: 97.7 cm versus whites: 98.8 cm), the two-fold higher liver fat in whites (3.5%) than in blacks (1.6%) may explain the greater ability of WC in predicting liver fat in obese white adolescents.
D r a f t
Currently, the mechanisms by which WC explains increased liver fat are unclear in youth. However, we reported a strong association between WC and VAT in both black (r=0.71) and white (r=0.86) obese adolescents (14), a finding similar to observations in Hispanic children (r=0.65) (Ball et al. 2006 ) and pre-pubertal black and white children (r=0.84) (Goran et al. 1998 ). The comparable relationships of WC (black: r=0.43, white: r=0.64 ) and VAT (black:
r=0.44, white: r=0.51) with liver fat content observed in the current study may suggest that the ability of WC to predict liver fat could be explained, in part, by its ability to act as a surrogate marker of increased visceral adiposity, which is a well-known risk factor for NAFLD (Bjorntorp 1990; Despres and Lemieux et al. 2006) .
In this study, we found that black adolescents (5.3%) have significantly lower proportion of fatty liver compared with their white peers (24.1%). These findings are consistent with previous studies reporting higher prevalence of NAFLD in white than in black youth based on liver histology (Schwimmer et al. 2006 ) and elevated serum ALT (Schwimmer et al. 2005) .
Further, our finding that obese white adolescents had a twofold higher liver fat as compared to obese black adolescents (3.6% versus 1.8%) is consistent with a previous study by Liska et al. (Liska et al. 2007 ) who demonstrated virtually undetectable hepatic fat fraction (%) in black obese adolescents (n=17, 0%) compared with their white peers (n=21, 17.5%) by employing MRI. Given a more favorable body fat distribution, it is unclear why black youth have more diabetogenic metabolic profiles than their white peers. Possibly, the pathogenesis of insulin resistance and the risk for T2DM in black youth may be linked with mechanisms unrelated to VAT and liver fat content (Liska et al. 2007 ).
Male gender has been associated with increased risk of NAFLD in children and adolescents (Schwimmer et al. 2005; Welsh et al. 2013 ). Schwimmer and colleagues D r a f t (Schwimmer et al. 2005) demonstrated that unexplained ALT elevation is more common in boys (44%) than in girls (7%). Similarly, the most recent NHANES data (2007-2010) (Welsh et al. 2013) reported that the prevalence of suspected NAFLD is more than two times higher in boys (14.7%) than in girls (6.3%) among US adolescents (12-19 yrs). Although both studies (Schwimmer et al. 2005; Welsh et al. 2013) did not examine the influence of gender within each racial group, Schwimmer et al. (Schwimmer et al. 2005 ) speculated that differences in VAT and sex hormones may play a role in gender-differences in NAFLD. In the present study, fatty liver was present in 16% of black boys and not in black girls, in contrast to 31% of white boys and 19% of white girls. The lower amount of VAT in black girls (53.8 ± 19.5 cm 2 ) compared to black boys (69.5 ± 27.9 cm 2 ) and their white peers (boys: 90.3 ± 36.1 cm 2 and girls: 73.7 ± 20.8 cm 2 ) could explain the lower liver fat content in black girls.
Although we observed that WC is associated with increased liver fat in both black and white adolescents, the strength of this association was more pronounced in white adolescents compared with their black peers. Indeed, WC was the single best predictor of liver fat in white adolescents, explaining 41% of the variance, whereas WC only explained 17% of the variance in black adolescents. In the present study, within whites, WC was significantly higher in adolescents with fatty liver compared with those without fatty liver (108.2 ± 6.4 cm versus 95.9 ± 10.2 cm, P<0.001), whereas no significant differences in WC (106.0 ± 7.2 cm versus 97. 
